INTRODUCTION
Nonvariceal bleeding of the upper gastrointestinal tract (NVUGIB) is a common condition that results in significant morbidity and mortality. Mortality rates have not improved over the years despite advances in endoscopic treatment and other aspects of patient care and ranges from 5.6% to 14.3% [1] . Moreover, rebleeding rates are as high as 13%, based on a recent Danish cohort study of 13498 patients [2] . Endoscopic modalities for the treatment of NVUGIB include hemoclip placement, dilute adrenaline injection, thermal coagulation (heat probe, gold probe, bipolar coagulation probe), coagulation grasper forceps, argon plasma coagulation, hemostatic nanopowder spray and over-the-scope clip placement.
It is now common practice for adrenaline injection into the bleeding point to be combined with another modality of endoscopic treatment, such as thermal coagulation or hemoclip placement, to increase the rate of hemostasis and decrease the rate of rebleeding [3] [4] [5] . The optimal volume of adrenaline injection to treat these bleeding lesions is not known, although three randomized trials have shown that larger volumes of adrenaline monotherapy (> 13 mL) can reduce the rate of recurrent bleeding [6] [7] [8] . However, too large of a volume of adrenaline (> 40 mL) can cause complications, such as ulcer perforation, epigastric pain, and significant elevations in blood pressure [8] . The optimal number of hemoclips to use in the treatment of NVUGIB has not been determined. Furthermore, the utility of using a combination of three or more endoscopic treatment modalities is not known.
Our study aims to investigate the relationship between clinical outcomes in NVUGIB and (1) The volume of adrenaline injected; (2) The number of hemoclips placed; and (3) Combination therapy with more than 2 endoscopic treatment modalities.
MATERIALS AND METHODS
This was a retrospective cohort study conducted at our center, which is a 590-bed general hospital in Singapore. Between January 2014 and December 2015, consecutive patients presenting with NVUGIB were identified from our hospital endoscopy reporting module. All patients with NVUGIB who underwent endoscopic treatment were included in the study. Patients with variceal bleeding or patients with NVUGIB who were treated directly with angioembolization or surgery were excluded. This study was approved by our domain-specific research board and local ethics committee. Permission for a patient consent waiver was granted.
Patients with NVUGIB who needed endoscopic hemostasis were further analyzed. Clinical data were retrieved using our hospital electronic medical records. The main endoscopic modalities used included dilute adrenaline injection, hemoclip placement, heater probe application, or a combination of these methods. Dilute adrenaline was prepared with a mixture consisting of 9 mL of 0.9% sodium chloride solution and 1 mL of 1:1000 adrenaline. The types of hemoclip used were the QuickClip2 (Olympus Medical Systems Corp, Japan) and the Resolution clip (Boston Scientific, Natick, MA, United States). The heater probe used was the HeatProbe (Olympus Medical Systems Corp, Japan). Hemostatic powder application (Hemospray, Wilson-Cook, Winston Salem, NC, United States) was used in a few patients. Angioembolization by interventional radiology was used in some patients as a subsequent therapy. The endoscopic procedures were performed by endoscopists with a wide range of expertise, ranging from trainees to senior specialists. All trainees were supervised by accredited endoscopists.
The primary outcomes were the rebleeding rate and need for repeat endoscopy. Rebleeding was defined as one or more signs of ongoing bleeding, including hematemesis, melena, hematochezia, vital sign instability and a significant drop in hemoglobin after initial hemostasis and stabilization of the patient. Repeat endoscopy was defined as upper endoscopy performed within the same hospital admission period. The secondary outcomes included surgical intervention, required transfusions, length of hospital stay (LOS), death during the same admission period and 30 d mortality.
Data collection
Data were collected for baseline characteristics, such as age, sex, race, presence of comorbid conditions, use of blood thinning agents, bleeding disorders, indication for gastroscopy and whether the patient was admitted to the hospital primarily for NVUGIB or another reason. The endoscopic diagnosis, Forrest classification and number of bleeding lesions were recorded. In terms of the endoscopic treatment modalities, data were collected regarding the volume of adrenaline injected, the number and type of hemoclips used, the heater probe used and all other endoscopic hemostatic treatments employed. For patient outcomes, data regarding rebleeding, repeat endoscopy, required transfusions number of units of packed red blood cells (PRBCs), LOS, angioembolization, surgery, death in the same admission period, and 30 d mortality were captured.
Statistical analysis
Statistical analysis was carried out using SPSS Statistics, version 22.0 (SPSS, Inc., Chicago, IL, United States). Continuous variables that were approximately normally distributed are expressed as the mean and standard deviation, and those that were skewed are summarized as the median and interquartile range. Categorical variables are summarized by count and frequency.
For binary outcomes (rebleeding, repeat endoscopy and death during the same admission period), the two-sample t-test or Mann-Whitney U test was used to compare continuous variables between these two groups of patients. The chi-squared test or Fisher's exact test was used to test the association between categorical variables and the outcomes. Logistic regression models were performed for binary outcomes to identify variables significantly associated with the outcomes. Likewise, for continuous outcomes (LOS and number of units of PRBCs transfused), Poisson regression and negative binomial regression models were used to identify these variables. The degree of association was reflected by the odds ratio and 95% confidence interval. A twotailed P value of less than 0.05 was considered statistically significant.
RESULTS

Patient characteristics
From January 2014 to December 2015, 501 patients were treated for NVUGIB at our hospital endoscopy center. Of these patients, 161 (32.1%) received endoscopic therapy ( Figure 1 ). The baseline patient characteristics are shown in Table 1 . Of the 161 patients, the mean age was 64.0, and there were more males (69.6%) than females (30.4%). The majority of patients (76.5%) were Chinese, 14.3% were Malay, 4.3% were Indian, and 5% were of other races. These figures are reflective of the current demographics of Singapore [9] . More than two-thirds of the patients (68.9%) had an ASA score of 3, 16.8% had an ASA score of 1, and 14.3% had an ASA score of 2. None had ASA scores of > 3. Close to 30% of the patients were taking blood thinning agents, of which aspirin, clopidogrel and warfarin were the most common. A small number (5%) had underlying bleeding dyscrasia, of which thrombocytopenia and coagulopathy were the most common. The majority of patients (73.3%) had upper gastrointestinal bleeding as the admitting diagnosis, while the rest (26.7%) developed bleeding in the hospital after admission for other reasons. Of the study patients who underwent endoscopy, ninety-eight patients had duodenal ulcers, sixty had gastric ulcers, and fourteen had other bleeding lesions, including arteriovenous malformations, Dieulafoy lesions, Mallory Weiss tears and tumor bleeds. Most of the patients had a single bleeding lesion (88.2%). Of a total of 172 lesions, fourteen were Forrest 1a, fifty-four were Forrest 1b, thirty-nine were Forrest 2a, twenty-one were Forrest 2b, sixteen were Forrest 2c, seventeen were Forrest 3, and eleven were nonpeptic ulcer bleeding lesions. The male sex was significantly associated with rebleeding and repeat endoscopy, as well as higher blood transfusion requirements. Having bleeding dyscrasia was significantly associated with an increased need for transfusion.
Treatment characteristics
The baseline treatment characteristics are shown in Table 2 . Hemoclips were used in almost half (46%) of the patients. Of the patients who were treated with hemoclips, 50% received one hemoclip, 64.9% received two hemoclips, and 5.4% received more than two hemoclips. Dilute adrenaline injection was used in the majority (94.4%) of patients, with close to two-thirds of patients (65.8%) receiving ≤ 10 mL and the rest (34.2%) receiving > 10 mL of dilute adrenaline. A heater probe was applied in 49.1% of the patients. Most patients (81.5%) received at least two different types of endoscopic treatment.
Outcome characteristics
The main outcomes are shown in Figures 2-5 . An injected volume of adrenaline of less than 10 mL was associated with significantly less rebleeding (P < 0.0001), a lower frequency of repeat endoscopy (P = 0.001), and a decreased LOS (P = 0.026). A combination treatment of more than two modalities was associated with significantly more rebleeding (P = 0.009) and an increased need for repeat endoscopy (P = 0.048). The placement of more than one hemoclip was associated with a significant decrease in the LOS (P = 0.044). No significant association was shown with the use of the heater probe. Twenty-six percent of the patients experienced rebleeding, and 29% underwent repeat endoscopy. One patient required surgery for a Forrest 1a duodenal ulcer immediately after endoscopy. The patients received a median of two units of PRBCs. The median LOS was six days. Ten patients (6.2%) died during the same admission period. This number was too small for any meaningful statistical analysis. Four patients died from pneumonia, two from myocardial infarction, two from NVUGIB, one from sepsis and one from intracranial hemorrhage. There were no cases of 30 d mortality in our cohort (Table 3) .
DISCUSSION
Our study revealed that the more restrictive use of adrenaline (< 10 mL) was associated with significantly less rebleeding, a reduced need for repeat endoscopy and a decreased LOS. Similarly, the more conservative use of endoscopic modalities was associated with significantly less rebleeding and a reduced need for repeat endoscopy. The use of more hemoclips was associated with a decreased LOS.
Less than one-third of our cohort of NVUGIB patients underwent endoscopic therapy. A study by Matthewson et al [10] in the 1980s revealed that for patients presenting with bleeding due to peptic ulcer disease, stigmata of recent hemorrhage was present in 79%. Although this group might comprise some patients with Forrest IIc lesions that would not require treatment (not specified in the paper), the number that would require endoscopic therapy is still likely to be much higher than that in our cohort. An important reason for this could be improved care for NVUGIB over the years. One notable example would be the introduction of proton pump inhibitor use as an adjunct therapy for upper GI bleeding, which can downgrade the bleeding stigma and thus reduce the need for endoscopic therapy. This may not have been the case before 2007 [11] . In our cohort, the rebleeding rate was 26%. This was significantly higher than the rate reported in a recent systematic review studying the timing of rebleeding in patients at a high risk for this problem after successful hemostasis for peptic ulcer disease [12] . The rebleeding rate in this study ranged from 11.5% to 14.4%. This may reflect differences in the patient cohorts. In this systematic review, the demographics were different, with a mix of Asian and Caucasian patients, while our study population was predominantly Asian. Furthermore, patients in 50% of the studies included in the systematic review had lower rates of comorbid diseases compared to the patients in our study. Finally, the different rebleeding rate may reflect differences in the skill level of the endoscopist. Our study reflects real-life endoscopic practice. The endoscopists who performed the procedures in patients included in the study had a wide range of experience. This may be relevant, as the endoscopic identification of lesions that are amenable to clipping and proficiency in hemoclip application are key determinants of successful outcomes [13] . In our study, it was found that a lower volume of injected adrenaline (< 10 mL) was associated with better clinical outcomes, i.e., a lower rebleeding rate and a lower frequency of repeat endoscopy. At least three randomized controlled trials had previously shown that larger volumes of adrenaline result in better outcomes, mainly in terms of reduced recurrent bleeding rates [6] [7] [8] . However, these are older studies, and all of the patients were treated with adrenaline monotherapy. In contrast, almost all of the patients in our study who received an adrenaline injection also received another form of endoscopic therapy. This is consistent with the relatively new standards of endoscopic practice and in line with the newer guidelines for the management of NVUGIB [3] [4] . It is probable that the additional use of another endoscopic modality in combination with adrenaline, such as endoscopic clip placement, contributes to successful hemostasis and thus reduces the volume of adrenaline that needs to be injected. However, due to the retrospective nature of this study, other unknown variables may be present. For example, the patients who achieved better outcomes may have had smaller or few bleeding vessels for each bleeding lesion. Hence, the minimum volume of adrenaline should be used to achieve initial hemostasis. Thereafter, a second endoscopic treatment modality should be used.
Another finding in our study was that the use of more than 2 endoscopic modalities was associated with poorer outcomes (i.e., higher rebleeding and repeat endoscopy rates) than the use of ≤ 2 endoscopic modalities. This appears counterintuitive, especially since current guidelines for the management of NVUGIB [3, 4] advocate combination therapy for endoscopic hemostasis. However, the poor outcomes associated with the use of 3 or more endoscopic modalities may be related to variables not captured in this retrospective study. For example, torrential or difficult-to-control bleeding may have prompted endoscopists in desperation to try more treatment modalities that ultimately did not prevent rebleeding or repeat endoscopy. There are currently no studies available that have shown that the use of 3 or more endoscopic modalities leads to poorer clinical outcomes compared with ≤ 2 modalities. This may be further evaluated in prospective trials.
In our study, we found that the use of more than one hemoclip was associated with a significant decrease in the LOS. Several studies have shown that hemoclip placement may be superior to other forms of endoscopic therapy or noninferior to combination endoscopic therapy. In a study by Hepworth et al [14] , mechanical methods, such as hemoclip placement and thermal therapy, were more effective for achieving hemostasis in bleeding mesenteric vessels in dogs than injection sclerotherapy. In a study by Ljubicic et al [15] , hemoclips were found to be superior to both small and large volumes of injected adrenaline in the prevention of recurrent bleeding in patients with peptic ulcers. A randomized trial conducted by Saltzman et al [16] in 47 patients with NVUGIB found that hemoclip placement was not inferior to combination treatment with adrenaline injection and bipolar electrocautery in terms of efficiency, efficacy or complications. Randomized controlled trials and metaanalyses have shown comparable efficacy between clipping and conventional contact thermal therapy for definitive hemostasis in NVUGIB [13] . Furthermore, clipping is considered safer than thermal coagulation techniques owing to the lower risk of perforation. While it is difficult to make a causative association in this retrospective study, our findings suggest that the more liberal use of mechanical hemostasis with endoscopic clips may have been beneficial in our patient population. Hence, any number of hemoclips should be used to definitively control the bleeding.
With regard to the other outcomes, the median number of two units of PRBCs transfused per patient was lower than in a Danish cohort of 5107 patients, which reported a median PRBC requirement of four units per patient [17] . The mean age in the Danish cohort was greater, at 74 years, than the median age in our cohort, which was 64 years. Older patients are generally frailer, and their comorbidities may necessitate a more liberal transfusion strategy.
Our cohort had a median LOS of 6 d. This was longer than the LOS in several other cohorts of patients. An American cohort of 1929 patients with upper bleeding gastrointestinal tract (variceal and nonvariceal) had a median LOS of 4 d [18] . A second American cohort of more than 19000 patients with NVUGIB had a mean LOS of 3 to 4 d [19] . An Australian cohort of 507 patients with peptic ulcer bleeding had a median LOS of 4 to 5 d [20] . This may be explained by differences among the patient cohorts. There was no mention of associated comorbid medical conditions in the two American cohorts, and there were fewer comorbidities overall in the Australian cohort than in our cohort, which may have led to a decreased LOS. Furthermore, the LOS may reflect differences in healthcare settings or even cultural differences and expectations. In Singapore, healthcare is still largely hospital-based, and there may be infrastructure limitations that may delay the transition to outpatient care compared to Western healthcare systems. The mortality rate in our cohort was 6.2%. This figure is within the reported mortality range (3% to 14%) for patients with NVUGIB in studies conducted from 2000 to 2010 [1] . Our study has several strengths. First, this is the first study to demonstrate a dose- response relationship between the commonly used endoscopic modalities for the treatment of NVUGIB and various clinical outcomes. Ours is also the first study to show that the use of a greater number of hemoclips led to a better outcome. Second, this is a real-world study, and the results were generated from patient care in daily clinical practice. The weaknesses of the study are as follows. First, our study is prone to biases inherent to retrospective cohort studies, such as selection bias and information bias. We are only able to determine whether there is an association between the variables, and the determination of direct cause and effect is not possible. Second, there may be unknown confounders that are impossible to control. We have attempted to list all of the patient variables that can potentially affect the outcomes and have controlled for these variables using multivariate analysis. Third, there is missing clinical information due to the retrospective nature of the study, although this deficiency is minimal.
In conclusion, our study of a cohort of patients undergoing endoscopic therapy for NVUGIB with high-risk stigmata shows that a relatively lower adrenaline injection volume and a combination of up to 2 endoscopic modalities to treat NVUGIB were associated with lower rebleeding and repeat endoscopy rates and a decreased LOS. The more liberal use of endoscopic clips was associated with a decreased LOS. To the best of our knowledge, this is the first study that has attempted to demonstrate a dose-dependent relationship between various endoscopic treatment modalities and patient outcomes in NVUGIB. We propose that the minimum volume of adrenaline be used for initial hemostasis along with any number of hemoclips for complete hemostasis. A total of 2 endoscopic modalities should be used. 
ARTICLE HIGHLIGHTS
Research background
Nonvariceal upper gastrointestinal bleeding (NVUGIB) is a common condition that results in significant morbidity and mortality. Mortality rates have not improved over the years. There are currently several endoscopic modalities for the treatment of this condition.
Research motivation
However, the dosage or amount of treatment to be used for each modality is not well studied. Moreover, it is not known whether a combination of three or more modalities combined is associated with better outcomes.
Research objectives
Our study aims to investigate whether various clinical outcomes in NVUGIB are influenced by the volume of adrenaline injected, the number of hemoclips placed and the number of treatment modalities used.
Research methods
A retrospective cohort study conducted in a single large district general hospital. All patients admitted for NVUGIB and needing endoscopic treatment over a two-year period were analyzed. The various endoscopic treatment modalities were compared against several outcomes including rebleeding, repeat endoscopy rates, surgical intervention, transfusion requirements, length of hospital stay, death during the same admission and 30 d mortality.
Research results
Close to one third of our patients needed endoscopic therapy. < 10 mL adrenaline injected was associated with less re-bleeding (P < 0.0001), need for repeat endoscopy (P = 0.001) and decreased length of hospital stay (P = 0.026). > 2 treatment modalities used was associated with more re-bleeding (P = 0.009) and need for repeat endoscopy (P = 0.048). > 1 hemoclip placed was associated with decreased length of hospital stay (P = 0.044).
Research conclusions
Our study is the first to show that more hemoclips placed was associated with a decreased length of stay. Also, we report novel findings that a reduced volume of adrenaline injected and a reduced number of endoscopic treatment modalities used was associated with better outcomes. More hemoclips used being associated with a better outcome is intuitive. However, previous studies have shown that larger volumes of adrenaline used led to better outcomes. These studies were conducted with adrenaline as the only treatment modality. This is not in line with the current management guidelines of NVUGIB which states that adrenaline use needs to be combined with another modality. Most of our patients who received adrenaline also received at least another treatment modality, this may be one reason why the volume of adrenaline required to arrest the bleeding may be smaller in our study. There are no previous studies that have shown that > 2 treatment modalities led to poorer outcomes. These findings are counter-intuitive but may be due to certain variables not captured in this retrospective study causing poorer 
Research perspectives
In the endoscopic management of NVUGIB, more may not be merrier for all treatment modalities. A prospective trial is needed to confirm this.
